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Background:Many studies have described the risk factors of gallstone formation in gastric cancer patients
after gastrectomy, but few studies focus on the management of asymptomatic gallstones. Our goal is to
examine the rationale of simultaneous cholecystectomy during gastric cancer surgery, and inﬂuence of
surgical mortality, morbidity and overall survival after combined cholecystectomy and gastrectomy.
Methods: We retrospectively reviewed 445 gastric cancer patients and the gallbladders evaluated by
abdominal ultrasound or computed tomography preoperatively and postoperatively. Clinicopathologic
factors, including surgical morbidity, mortality and overall survival of combined surgery, were compared
between patients receiving gastrectomy with simultaneous cholecystectomy and patients receiving
gastrectomy only. We also evaluated the risk factors of gallstone formation after gastrectomy and the
probability of subsequent cholecystectomy after gastrectomy in gastric cancer patients with or without
asymptomatic gallstones.
Results: Of 445 gastric cancer patients, 52 (11.7%) patients had asymptomatic gallstones upon diagnosis of
gastric cancer. Among patients with healthy gallbladders, 15.2% developed gallstones after gastrectomy.
Men and older patients (age over 60) had signiﬁcantly higher risk of gallstone formation. Rate of sub-
sequent cholecystectomy in patients with and without preoperative asymptomatic gallstones was 30.8%
and 4.5%, respectively (p ¼ 0.005). The rates of mortality and morbidity were not signiﬁcantly different
between combined surgery (3.4%, 24.2%) and gastrectomy only (3.1%, 22%). There was also no signiﬁcant
difference in 5-year survival between combined surgery (61%) and gastrectomy only (63%) groups.
Conclusion: Combined cholecystectomy for asymptomatic gallstone in gastric cancer surgery may be
considered. It was not associated with increased surgical morbidity or mortality, and had no signiﬁcant
effect on overall survival.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Approximately 6% of patients undergoing upper GI surgery are
expected to require cholecystectomy during follow-up.1 Many re-
ports suggest that gastrectomy increases the incidence of gallstone
formation. The effect of truncal vagotomy, which may occur during
resection of the stomach2 and extensive lymph node dissection,3 is
thought to play an important role in the change of plasma chole-
cystokinin (CCK) concentration and gallbladder emptying, resulting
in stone formation. Total gastrectomy with reconstruction such as
Billroth II and Roux-en-Y, which exclude food passage through the
duodenum, may cause higher risk of gallstone formation.4094; fax: þ886 2 33223579.
L. Lai), cnchen@ntu.edu.tw
ciates Ltd. Published by Elsevier LtMany studies have reported the risk factors of gallstone for-
mation after gastric cancer surgery, but few focus on the incidence
of asymptomatic gallstones in gastric cancer patients and the
rationale for simultaneous cholecystectomy during gastric cancer
surgery.3,4 This study was conducted to identify the indications for
cholecystectomy during gastric cancer surgery, evaluate the rate of
subsequent cholecystectomy after gastrectomy in gastric cancer
patients with or without asymptomatic gallstones, and assess the
effects of simultaneous cholecystectomy on surgical mortality,
morbidity, and oncological results of gastric cancer surgery.
2. Methods
The medical records of patients with gastric cancer receiving gastric resection at
the National Taiwan University Hospital from January 1988 to December 1993 were
collected retrospectively. Information obtained from medical records included age,
sex, operative ﬁndings, operative method, operative time, peri-operative blood
transfusion, length of hospital stay, and clinicopathologic factors of gastric cancer.d. All rights reserved.
Table 1
Causes for combined cholecystectomy during gastric cancer surgery.
Causes/tumor site Antrum Body Cardia Whole
stomach
Total
Cholelithiasis 20 10 6 3 39(67.2%)
No cholelithiasis 19(32.8%)
Hepatoduodenal lymph
node dissection
14 2 1 17(29.3%)
Tumor involvement 2 2(10.5%)
Total 36 12 7 3 58
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mography, which were done routinely for general preoperative evaluation of gastric
cancer patients. Tumor location, depth of invasion, lymph node staging, stage
grouping and surgical curability were also analyzed according to the rules of the
Japanese Research Society for Gastric Cancer. Postoperative morbidity and mortality
included events occurring within 30 days after the operation. Gallstones or chole-
cystitis occurring after discharge were classiﬁed as long-term complications.
We routinely followed the abdominal conditions of patients undergoing gastric
cancer surgery by abdominal sonography or computed tomography at 3- to 6-month
intervals.
Patients enrolled in the study were divided into “cholecystectomy” and “no
cholecystectomy” groups. Comparisons of clinicopathologic factors between cho-
lecystectomy and no cholecystectomy groups were made by using the chi-square
test for dichotomous variables and the Wilcoxon rank sum test for variables with
a continuous distribution. Estimated accumulative overall survival was made using
the KaplaneMeier method. P values of less than 0.05 were considered statistically
signiﬁcant.
3. Results
Between January 1988 and December 1993, 445 patients with
gastric cancer underwent gastric resection at National Taiwan
University Hospital. The mean age at the time of operationwas 59.2
(26e87). Therewere 271(60.9%) men and 174(39.1%) women. Mean
follow-up time was 5 years. 101 patients died of cancer recurrence
or other medical problems. The remaining 167 patients were alive
at the last follow-up.
3.1. Therapeutic ﬂowchart of patients (Fig. 1)
Of the 445 patients, 58(13%) had concomitant cholecystectomy
(cholecystectomy group) during gastric cancer surgery due to
various reasons, and 387(87%) patients did not (no cholecystec-
tomy group). Of the 58 patients in the “cholecystectomy” group, 41
patients had complete follow-up for more than two years and no
biliary complications were recorded. Of the 387 patients in the “no
cholecystectomy” group, 13 had asymptomatic gallstones at the
time of receiving gastric cancer surgery. Of the remaining 374 pa-
tients with no gallstones, 197 patients completed follow-up
workup, but 177 patients lost follow-up. Of the 197 patients who
completed follow-up, 58(29.4%) patients eventually developed
gallbladder disease after gastric resection.
3.2. Causes for concomitant cholecystectomy
Three reasons were identiﬁed for concomitant cholecystectomy
during gastric cancer surgery in our series (Table 1). Of the 58Fig. 1. Treatment of gastric cancer patients with/without gallstone.patients receiving concomitant cholecystectomy, 39(67.2%) were
due to the presence of gallstones. 17(29.3%) patients received
cholecystectomy due to potential cystic artery injury during
aggressive lymph node dissection around the hepatoduodenal lig-
ament. Injury of the cystic artery may occur during lymph node
dissection if the lymphadenopathy extends to the distal hepatic
artery. For safety, cholecystectomy was performed to prevent
gallbladder ischemia or further complications. 2 (10.5%) patients
had tumor involvement of the gallbladder. The “cholecystectomy”
and “no cholecystectomy” groups were similar in terms of age, sex,
peri-operative blood transfusion, operative time, and follow-up
time (Table 2). Tumor location, surgical procedure and patholog-
ical stage of the two groups were also similar.
3.3. Postoperative morbidity and mortality
There was no signiﬁcant difference in postoperative mortality
(3.4% vs. 3.1%), overall morbidity (24.2% vs. 22%), and 5-year sur-
vival rate (61% vs. 63%) between the cholecystectomy group and the
no cholecystectomy group (Table 3).
3.4. Imaging ﬁnding after gastrectomy
30(15.2%) patients developed gallstones, 16(8.1%) developed
gallbladder sludge, 12(6.1%) developed gallbladder polyps. In risk
factor analysis, men and age over sixty years had a higher risk of
developing gallbladder abnormalities after gastrectomy (Table 4).
3.5. Subsequent cholecystectomy after gastrectomy
Therewere 210 patients who received gastrectomy only and had
regular follow-up. 9 of 197 (4.3%) patients without previous gall-
stones underwent cholecystectomy (Table 5), 3 of which occurred
within 3 years after gastrectomy. 4 of 13(30.8%) patients with
previous gallstones became symptomatic and underwent chole-
cystectomy within 3 years after gastrectomy. Frequent biliary colic
and cholecystitis were the main reasons for subsequent cholecys-
tectomy. All subsequent cholecystectomy was performed directly
by the open method because of concerns of severe adhesion. No
morbidity or mortality was mentioned after subsequent cholecys-
tectomy. There was a signiﬁcantly higher probability of subsequent
cholecystectomy in patients with asymptomatic gallstones before
gastrectomy than those with normal gallbladder (30.8% vs. 4.3%,
p ¼ 0.005).
4. Discussion
It has been reported that the incidence of gallstone formation
increases after gastrectomy. However, Patel et al. reported that the
incidence of symptomatic gallstones requiring cholecystectomy
after laparoscopic Roux-en-Y gastric bypass is low.5 Truncal va-
gotomy was believed to affect the secretion of cholecystokinin
(CCK), which stimulates gallbladder contraction, and to delay
Table 2
Comparison of the demographics of the cholecystectomy and the no cholecystectomy groups.
Cholecystectomy (n ¼ 58) No cholecystectomy (n ¼ 387)
Mean age(range) 59.9(26e84) 58.9(33e87) NS
Female 32.6% 39.5% NS
Mean postoperative hospitalization; days(range) 17.9(9e90) 22.5(10e180) P < 0.02
Mean perioperative transfusion; units(range) 1.3(0e4) 1.2(0e8) NS
Mean operative time; hours(range) 4.9(2e8) 4.7(2e9) NS
Mean follow-up time; years(range) 3.3(1e6) 3.1(1e6) NS
NS: not signiﬁcant.
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gastrectomy with lymph node dissection is the standard operation
for gastric cancer patients, and thus vagal nerve injury is inevitable
during surgery. The extent of lymph node dissection was a signif-
icant factor in gallstone formation after gastrectomy.6 Yi et al.
suggested that preservation of the two nerve routes from anterior
hepatic plexus via the cystic artery/duct and posterior hepatic
plexus via the common bile duct into gallbladder may attenuate the
incidence of gallstone formation after gastrectomy.7 Many studies
have identiﬁed risk factors for gallstone formation in gastrectomy
patients. Extensive lymph node dissection (D2) may cause higher
risk of gallstone formation, as may total gastrectomy and recon-
struction such as Billroth II and Roux-en-Y, which exclude food
passage through the duodenum.4 Concomitant cholecystectomy
during gastrectomy remains controversial because of possibly more
surgical complications and additional sequelae of cholecystectomy.
Our study’s aim is to propose a new point of view to help surgeons
make their surgical planning and avoid subsequent surgery, which
may increase complication rates.
Cholelithiasis and extensive lymph node dissection were major
causes for cholecystectomy during gastrectomy in this study. Length
of operative time and hospital stay were not signiﬁcantly increased
in patients receiving simultaneous gastrectomy and cholecystec-
tomy. Also, there was no signiﬁcant difference in postoperative
morbidity and mortality between the two groups. Although Gillen
et al. reported that simultaneous cholecystectomy had a higher
morbidity (0.95%) compared with the calculated additional
morbidity of early and late cholecystectomy (0.45%),1 there was no
signiﬁcant increase in postoperative morbidity or mortality in pa-
tients receiving simultaneous cholecystectomy in our study.
The prevalence of gallstones in Taiwan’s general population has
been increasing from 4.3% in 1989 to as high as 10.7% in 1995,8
which is similar to our patient group (11.7%). In our study, the
incidence of gallstone increased after gastrectomy. 29.4% of pa-
tients with initially normal gallbladders developed gallbladderTable 3
Postoperative mortality and morbidity.
Cholecystectomy
(n ¼ 58)
No cholecystectomy
(n ¼ 387)
Postoperative mortality 2(3.4%) 12(3.1%) NS
Postoperative morbidity 14(24.2%) 85(22.0%) NS
Wound infection 4(6.9%) 23(5.9%) NS
Anastomotic leak 3(5.2%) 17(4.4%) NS
Duodenal stump leak 2(3.5%) 8(2.1%) NS
Pancreatic stump leak 2(3.5%) 9(2.3%) NS
Gastric stasis 0 3(0.8%) NS
Intraabdominal abscess 0 4(1.0%) NS
Pleural effusion 1(1.7%) 4(1.0%) NS
Pulmonary infection 1(1.7%) 4(1.0%) NS
Pulmonary embolism 0 2(0.5%) NS
Hemorrhage 1(1.7%) 4(1.0%) NS
Pyothorax 0 2(0.5%) NS
Postoperative diarrhea 9(15.2%) 50(12.8%) NS
NS: not signiﬁcant.abnormalities (gallstones, sludge, or polyps) after gastrectomy.
However, Kazutomo et al. stated that most gallbladder sludge dis-
appeared within 12 months in relation to the gradual recovery of
gallbladder contractile function.9 Yet we are not sure that gastrec-
tomy is the cause of gallstone formation, but it may contribute to its
formation. Chijiiwa et al. compared the circumstances in gastrec-
tomy and colectomy patients.10 They reported that the levels of
ionized calcium and unconjugated bilirubin, possibly responsible
for pigment stone formation, were signiﬁcantly higher in patients
after gastrectomy, but were nearly absent in patients after colec-
tomy. In our study, we found that men were signiﬁcantly more
likely to develop gallbladder disease than women (52.2% vs. 30.9%)
(Table 4). Pezzolla et al. reported similarly that after surgery, the
observed frequency of gallstones was signiﬁcantly higher than the
expected frequency in men but not inwomen.11 Older patients (age
over 60) were also signiﬁcantly more likely to develop gallstones
than younger patients (55.7% vs. 24.5%) in our study.
It is still worth debating how to deal with the newly devel-
oped gallstones.12e14 Although a signiﬁcantly higher incidence of
gallstones was found in gastrectomy patients, only 4.3% devel-
oped symptoms or cholecystitis and needed subsequent chole-
cystectomy. According to our study, patients with initially
asymptomatic cholelithiasis were signiﬁcantly more likely to
develop symptoms or subsequent cholecystitis than patients
without cholelithiasis. Although Kwon et al. claimed that prior
gastrectomy is still not a contraindication for laparoscopic cho-
lecystectomy and laparoscopic choledochotomy,15 prior gastrec-
tomy is associated with an increased need for adhesiolysis and a
longer operative time.16 We still consider it more difﬁcult to
perform cholecystectomy after abdominal surgery, and compli-
cation rates may increase.
This was a retrospective study and had some limitations. First,
up to 47% of patients lost follow-up, and the sample size of gastric
cancer patients with asymptomatic gallstones and no cholecys-
tectomy was too small. Second, the imaging follow-up period for
gallstone development was limited. If the imaging follow-up period
were extended, there may have stronger results. Third, events of
subsequent cholecystectomy should be related with the life ex-
pectancy of gastric cancer after gastrectomy.
Although this study cannot rationalize routine simultaneous
cholecystectomy during gastric cancer surgery, asymptomatic
gallstones were associated with higher risk of subsequentTable 4
Sonographic ﬁnding after gastrectomy.
Gallstone Sludge Polyp Total
Sex
_(n ¼ 113) 23 10 7 40
\(n ¼ 84) 7 6 5 18
30 16 12 58(29.4%)
Age(years)
>60(n ¼ 106) 22 11 8 41
<60(n ¼ 91) 8 5 4 17
30 16 12 58(29.4%)
Table 5
Correlation of previous gallbladder disease and subsequent cholecystectomy.
Without
late
cholecystectomy
Late
cholecystectomy
Without previous
gallbladder stone
188 9(4.3%) 197
With previous
gallbladder stone
9 4(30.8%) 13
P ¼ 0.005 210
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tomy was not done during gastric cancer surgery.
5. Summary
In conclusion, gastric cancer patientswith asymptomatic gallstones
had signiﬁcantly higher risk for subsequent cholecystectomy if chole-
cystectomy was not done during gastric cancer surgery. In addition,
concomitant cholecystectomy during gastrectomy procedure had
similar rates of mortality, morbidity, and 5-year survival as compared
with gastrectomy only. Combined cholecystectomy in gastric cancer
surgery deserves consideration in patients with gallstones, particularly
in male patients and patients with age over 60.
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